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Selfish DNA: Homing Endonucleases Find a Home
Self-splicing group I introns come in two flavours — those with a homing
endonuclease to promote mobility of the intron, and those without an
endonuclease. How homing endonucleases and self-splicing introns associate
to form a composite selfish genetic element is a question of long-standing
interest. Recent work has revealed that a shared characteristic of both introns
and endonucleases, the targeting of conserved sequences, may provide the
impetus for the evolution of composite mobile genetic elements.
David R. Edgell
A quick scan through the genome
sequence of any organism will reveal
the presence of intervening sequences
that interrupt protein-coding and RNA
genes. These intervening sequences
are well known to biologists as introns
that are removed post-transcriptionally
by an RNA splicing reaction to restore
a contiguous gene product. Introns can
be broadly classified into those that are
self-splicing (group I, II and III introns),
and those that are not self-splicing
(spliceosomal, tRNA and archael
introns) [1,2]. Another class of
intervening sequences, inteins, are the
protein analogs of introns and are
removed post-translationally [3].
Intriguingly, many self-splicing introns
(and inteins) are also mobile genetic
elements at the DNA level because they
encode mobility-promoting proteins
termed homing endonucleases that
have the interesting property of being
site-specific but sequence-tolerant
DNA endonucleases [4–7]. Intron-
encoded homing endonucleases
recognize a site, the homing site that
corresponds to sequences up- and
down-stream of the intron insertion
site. In alleles that lack an intron,
these sequences form a continuous
stretch of DNA that is a substrate for
the homing endonuclease. Intron-
containing alleles, in contrast, are
immune to cleavage by endonucleases
because the intron disrupts the
homing site. Cleavage of the homing
site by the endonuclease promotes
a unidirectional gene conversion event
(homing) that results in the spread of
the intron and the embedded homing
endonuclease gene to cognate alleles
lacking the intron (Figure 1).
Since the discovery of mobile group I
introns, intronologists have been
fascinated by the evolutionary question
of how homing endonucleases invaded
introns to create a composite mobile
element. Multiple lines of evidence
strongly imply that introns and
endonucleases have separate
evolutionary histories [8–10]. Notably,
the finding that homing endonucleases
themselves can be mobile elements
independent of a host intron or intein
[11], including a class of
endonucleases called free-standing
endonucleases that are common in
phage genomes, was a key piece of
data supporting independent
evolutionary histories [12,13]. These
findings led to an oft-stated
conclusion that mobile introns evolved
by repeated and independent
invasions of endonuclease-free introns
by homing endonucleases. Yet, the
driving force or selective pressure that
favoured repeated invasion of introns
by endonucleases has been elusive. As
put forward by David Shub and co-
workers [14,15] in this issue of Current
Biology, the answer may turn out to be
a common characteristic of introns and
endonucleases, the tendency to target
conserved sequences within genes.
Introns and endonucleases are
selfish genetic elements and, like most
selfish elements that provide no
obvious selective advantage to their
host genome, have evolved ways to
prevent their deletion. In the case of
introns, one mechanism relates to the
intron insertion site, or the position
within a gene where the intron is
inserted. Interestingly, many group I
introns are inserted within, or nearby,
nucleotide sequence that encodes
functionally critical residues (an
ATP-binding motif or essential RNA
secondary structure, for instance). It is
thought that these insertion sites
impose negative selection against
deletion of the intron, because only
a (rare) precise deletion of the intron
that exactly recreates the sequence of
the host gene will result in a functional
gene product. Inexact deletion of the
intron will have potentially deleterious
consequences, because of the
possibility of mutating critical
nucleotide sequence surrounding the
intron insertion site. Not surprisingly,
homing endonucleases possess
recognition sites that also encompass
functionally critical nucleotides in
host genes [16,17], but for a different
reason — these sequences tend to be
in genes that are conserved between
related genomes, enhancing the
chances that the homing endonuclease
can promote mobility.
Given that introns and
endonucleases target similar
sequences, can this shared
characteristic explain the origin of
mobile group I introns? In short, the
answer is yes, according to Shub and
co-workers [14,15]. One stumbling
block over the origin of mobile
elements was the DNA specificity of the
invading endonuclease. Regardless of
the endonuclease’s origin, its DNA
specificity was unlikely that needed to
promote mobility of the intron. Very
quickly, in order to survive, an invading
endonuclease (which likely was a
free-standing endonuclease) would
have to evolve a new DNA specificity
for the homing site to promote mobility
of its new host intron. Moreover,
the endonuclease would also need to
discriminate between intronless and
intron-containing alleles in order to
promote efficient homing. A tall order to
ask of the endonuclease. However, if
the endonuclease were ‘pre-adapted’
to cleave sequences that would
promote intron mobility, the difficulty
of evolving a novel DNA specificity
would be neatly avoided. How would
endonucleases be pre-adapted to
cleave the correct sequences? They
would target conserved regions of
genes, which also correspond to the
insertion sites of group I introns.
This situation is detailed in two
papers that describe different intron
and endonuclease systems, one in T3
and T7-like phage, and the other in
cyanobacterial phages [14,15]. In the
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Figure 1. Endonuclease-mediated mobility pathways and evolution of mobile group I introns.
Schematic of three distinct homing pathways mediated by homing endonucleases that occur in co-infections between donor (endonuclease
containing) and recipient (endonuclease lacking) phage. In each pathway, cleavage by the homing endonuclease (green dumbbells) in the recip-
ient genome leads to DNA repair and recombination using the donor phage genome as a template. For simplicity, not all recombination prod-
ucts are shown in the recipient phage. In the case of collaborative homing, invasion of a group I intron by a free-standing endonuclease would
be facilitated by illegitimate recombination, creating a mobile group I intron as proposed by Shub and co-workers [14,15].case of the cyanobacterial phages,
a self-splicing group I intron interrupts
the psbA gene, but does not encode its
own endonuclease. Immediately
adjacent to the psbA gene is a novel
free-standing homing endonuclease,
F-CphI, with similarity to phage-like
Holliday junction resolvases.
Importantly, the recognition and
cleavage sites of F-CphI encompass
sequence that includes the intron
insertion site in intronless psbA genes.
The implication of this finding is that the
non-mobile psbA intron can be
mobilized by the adjacently encoded
F-CphI. That is, during co-infectionwith
a phage lacking an intron in the psbA
gene, F-CphI cleaves the intronless
psbA allele, and gene conversion
ensures that both the intron and F-CphI
are inherited in progeny phage,
a process termed collaborative homing
(Figure 1). A similar situation is found
with DNA polymerase introns and
endonucleases in T3 and T7-like
phages. Shub and co-workers [14,15]
argue that this situation of physical
proximity of a pre-adapted
endonuclease and an intron is poised
for the evolution of a mobile group I
intron because an illegitimate
recombination event that moved the
free-standing endonuclease into the
intron would create a composite
element that would immediately be
successful as amobile intron (Figure 1).
One requirement for the evolution of
mobile introns as described above is
the physical proximity of a pre-adapted
free-standing endonuclease and an
intron in an adjacent gene. This might
not be a problem in phage genomes,
as the occurrences of free-standing
endonucleases and introns are
relatively high, and phage are
extremely good at recombination.
Alternatively, mobile intronsmight arise
by another mechanism that does not
rely on physical proximity, as described
by Marlene Belfort and colleagues [18].
This model, based on the I-TevII
homing endonuclease encoded within
the sunY/nrdD group I intron of phage
T4, relies on the presence of a cleavage
site for the endonuclease within the
intron itself. Cleavage of this intronic
site, followed by illegitimate
recombination, would facilitate
invasion of the intron by the
endonuclease. If the intronic cleavage
site shared similarity with sequences
flanking the intron insertion site, little
adaptation towards a new DNA
recognition site would be required for
the endonuclease to promote mobility
of the intron.
Implicit in any scenario for the
evolution of mobile group I introns is
the ability of homing endonucleases to
quickly alter their DNA binding
specificities towards novel targets. One
answer to this problem is to use protein
scaffolds previously unknown as
homing endonucleases, as is the case
with F-CphI, or the recently
characterized I-Ssp6803I, an
intron-encoded endonuclease with a
PD-(D/E)XK restriction enzyme
Dispatch
R117fold [19]. Moreover, recent attempts
to re-engineer characterized homing
endonucleases to bind and cleave
unrelated sequences have revealed
that few mutations are required to
change DNA binding specificity [20].
Given the targeting of conserved
sequences by both endonucleases and
introns, it is perhaps not surprising then
that mobile group I introns have
independently evolved multiple times,
creating extremely efficient and
successful selfish genetic elements.
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Anew study has shown that maximum overfishing of coral reefs occurs among
countries at intermediate levels of socio-economic development; can
managers and policy makers help countries dependent on these ecosystems
avoid the resulting poverty traps?
Robert S. Steneck
It is an over-simplification to
characterize countries as developed
or developing. The latter is often
a euphemism for poor countries
with few economic opportunities.
Nevertheless, most developing
countries aspire to become
developed with the associated
lifestyles they have seen or heard
about. From a paper in this issue by
Cinner et al. [1], we learn that the
socio-economic path developing
countries take as they evolve towards
the developed state can be critical to
the sustainability of the ecosystem on
which they depend. Specifically,
socio-economic development can
result in a social-ecological trap from
which escape will be difficult.
Understanding the complex and
non-linear path towards depletion is a
necessary first step towardsavoiding it.
In a sense, social ontogeny
recapitulates social phylogeny.
Humans began their social evolution as
hunters and gathers and subsequently
evolved, out of necessity, into farmers.
With time and where resources
allowed, city-states and social
hierarchies emerged, with disinct
classes ranging from workers to rulers
as a pinnacle of social development [2].
Today, we can find this full spectrum of
societies from Amazon rain forests to
Beijing. Such gradients offer research
possibilities for social scientists
seeking to understand trajectories and
consequences of human social
evolution. What we can learn from
such studies is how societies alter
their interaction strength with the
natural ecosystems on which they
depend. In effect, they go from initially
being ‘passengers’ to ultimately being
‘drivers’ of these ecosystems.
Societies living close to coral reefs
range frommodest hunter-gatherers to
major industrialized cities. Coral reef
ecosystems are productive, fish-rich
oases surrounded by nutrient-poor
ocean deserts. Unfortunately, coral
reefs are among the most endangered
ecosystems in the world [3], which
places their dependent human
societies at risk. One reason why this
coral reef crisis has been so difficult
to confront [4] is because it is so
multifaceted. While we know much
about what drives complex biological
systems, we know relatively little about
what drives the associated social
systems. More importantly, we know
even less about how the two interact.
Nowhere is this more obvious than for
coral reef ecosystems and adjacent
societies.
While the coral reef crisis is an
interdisciplinary, social-ecological
